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Mode bf Bperation of a System of Controlling Zlements

in liaize,

General descriptions of controlling elements in maire and of their
modes of operation have been given in a number of repcrts anpearing in
recent yesrs (for literature citations, see HeClintock, 1956b), It is
the purpcse of t is report to consicder some of the experimental methods
that have been employed to discover the mode of operation of the s¥stem
of controlling ceclements which has been referred to #n otier publications
as the Spm.(Suppressor—mutator)—alm’l system, Controlling elements may be
defined as those unit components, carried in the chronosomes, that serve
to control gene action both with regard to type and degree and to the

v husel :
Tissues or parts of a tissue whee this will occur. The different
controlling elements are recognired by means of their distinctive modes of
control of gene action, regardless of the primary type of action of the
gene substance itself, Thev ex~2ibit HMendelian inheritance patte ns and
their locations in the chromosorie complement mav be determined by use of
ordirery genetic techniques, Il—owever, thew may undergo change in location
within the chromocsome complement, appearing at new locations and disappsarir

from previously deternined locations, without losing their distinctive

properties in the process, This process has been termed transposition and



the several m-thods thot have been used to detect such transposition were
presented previously (McClintock, 1956b),

For manv yvears, efforts of the author were concentrated on analysis
of the syvstem com osed of the two controlling elements designated Ac

!

(Activator) and Ds (Dissociation),. This svstem wos chosen for extended

w A _
studies because both elements ef—fbds—swrsfem could be identified roadily and
regardless of the location in the chromosorme comwlement that each might
OCCUDY Thus, change in location of these elements, and the effects

produced when one of them is inscrted at the locus of a known gene, could be

detected and subsequently analysed, Altogether, the operation of this

svstem at eight BmbBwn gene loci has been examined, Also, two or more
independent ingertions of one of these elements at four of these eight gene

loci were detected and the consequencd of this examined in each case, It

was concluded from these studiss that this system should be able to operate -
at any gene locus provided that the effects of ibe—operation at a particular
gews locus is not lethal, Most important, however, is the realization that
the mode of control of gene action may be predicted in advance,for it will
&m%wﬂd& w@ T
follow theArules that ehiﬁgeﬁeeéae the operation of this system, Knowledge
N

of the mode of operation of the Ac-Ds system has been useful in guiding

experiments aimed at revealing the mode of operation of other control svstem

his applics particularly to methods for identifying controlling elements



and for detecting their transpositions, It has also provided a model for
recognizing and subsequently appraising the chanres in state of the affccted
gene locus, Such changes must be recognized if confusion in designing
experiments and interpreting results is to be avoided,

Some years ago, a large number of different variegates appcared in the
progeny of individual -lants with a history of having been subjected to the
breakage-fusion-bridge cycle in their early development (McClintock, 1951),
‘AL the time tnese variegates appeared, it was realized thet it would not be
possible to examine each of them, Therefore, only a few among the many
that appeared were selectdd for subsequent study, The Ac-Ds svstem was
discovered among one of these selected cases; and as the mode of operation -
of t.is system became apparent, attention was focused mainly upon it,

Stogy of
the other selected cascs either wase discontinued or it was sharply curtaihe
Ld » %o‘ﬂ- » » L]
until adequate time could be found for & detailed examination, The system
responsible for control of gene action in one of these latter cases is now
the

sufficiently undestaod to allow conclusicns to be drawn regarding/types of

controlling elements that are involved in it and their modes of operation,

at both a, ™1

This is the svstenm 1

ey . . . Tia . . .
and a2 s» menticoned in previous reports, In this report, attention will

» m~1
be given manily to a4 o



Urigin of a1m'1

The history of origin of alm’l from a modification tnat occured at
a standard A1 locus is as important for an appreciaticn of the controlling
elements involved in this system and their modes of opcraticn as were the
nistories of origin of modified gene action that appeared in the Ac-Ds

carrying cultures for an apvpreciation of the presence and ncde of operation.

m=1

of the elerents of that system, The modified Al locus, designated a, R

was the third recognized case of change in gene action in a sequence whrich
eommenced with an alteration at a previously unidentified gene locus concern
with chlorophyll productirn, The nlants having this first member of the

LAl . N . . m. .
sequence exihibited variegation for chlorophyll pigmentation. this variegat

was one of trose cximinaddy selected among the many that appcared in the
original cultures, as described aobove, In the early stages of examination

of tnis variegate, a number of plants in one culture were self-pollinated,
On the ear produced by one of those plants, some Larnels appecared that
exhibited variegation for anthocyanin pigmentation, Spots of deep
pigmentation appeared in a colorless background, The plants derived from
Tthem also exhibited variegation for anthocvanin pigmentation, Subsecuent
Tests of these plants and their progeny indicated that an alteration hod
cecurred at the standard A2 locus in one chromnoscme 5 of the parent vlant,
This eltered locus wos given the designation azm'l. Tests were then

=1
undertaken to examine the changes in expression of gene action at a, and b



L)

detornine thes fsctors 1-velved in control of this, In t=e course oﬁs

tuis study, o number of plnn s in a culture in wr-ich the svstem responsitle
for control of gene action at anfd was nresent, were used as pistillate pare

in crosses with plants that were homozyvgous for the stand-rd recessive, al,
in chromosore 3, and for the standard A, locus in ehromosome 5, On one of

the ears this cross produced, a single kernel was found that ex bited

igment
spots of antnocvanin/in a non-pigmented background, A plant was grown

from t-is kernel and t is nlant, in turn, exhibited variegaticn for antho-

UxL4duop&wJ

cyanin nigmentation, As—expoetod %ésts crosses utl;&ﬁ%1V'UUbu Pottersr—and:

A

ogra—ef_t-its—rIny indicated the presence in it of amqgggéﬁgé Al locusg, and.
-, 000 bt m-1 ] ’ Ao &bﬂﬂ%&{é
was therecupon designated al . It was evident that tie-alitenidtion

: LD‘\!IA‘Z?
h”. W OI the standard Al locus in one chrom some 3 in the Lﬂﬁ?
s Tooh. vioee pegueid

parent plant,ossl late in development of one of the ears 6 t is vlant, for
A

only one kernel on th:is ear exhibited altered Al action, Studies ained at
deternining the components of the syster: responsible for control of gene

action at both a ™%

1 and azm’1 were contined but initially only on a

limited scale. Only recently has time been found to examine t:is more
completely, It is now kno#h that the same system of control of gene actior
operates at both alm"l and azm—l. Very likely this same system also
oper~ted to control actionvof the gene that was associated with chProrophyll

productiony,--the initial variegate i the se-uence, This nostuddte is

based gg&%éupon the patterns of varieratiow that were ex:ibited and upon

tance bcqevior for study of tiis case was discontinued some years ago-



and tnerefore direct tests to determine identity of control svsterms cannot

nowvemades " Qullm - itho analsd) ofonte of e S0 el

In order to learn of the system that is responsible for cort-ol of gene

s Mo, . mM=1
action at al and a2

s & large number of diffsrent types of tests were
conducted, The results obtained from each are consistent witn one another
on the basis of tre eventually determined modes of operation of the componen
of thnis svstem, In order to com 1y with space requiremencs, only a selecte
set of tests é%%% be gggggiheye. These are chosen in order to illustrate &
salient features of t- e mode of opevation of this srsterm and thew will be
confined to studics conductsd with almyl. Those conducted with agm-l
will be given in a separate report,

From examination of the Ac~Ds svster, it was learned that inse tion
of the Ds element at the locus of a gene initiated the vrimary modification

4o

e
that brought th x@ gene under the ccntrol of the Ds-A& system, In many

cases, the action of the gene was noticably altered by this event and
A
detection of the ﬁggﬁéﬁién of Ds at the locus could be mode shortly after

A

W i aprt ol o - @b%
it eecu*rsd Subsequent cikang the locus reosultg from the effects Ac

exerts on the Ds element, The consequence of this is either remaval of Ds

-

from the locus of the gene or a modification at the locus, induced by bs,

that eliects a cnange in its organization,--a chanre in state of twe locus,

s



Both tvpes of events can give rise to recognizable chanses in action of the
&

e . n-1 . .
gene subsitence, With regard to al“ s inssrtion of a particular

cntrolling element at the standard Aiclocus ig congidered to have cccurred
and to have been responsible for the initial chanse in gene action, Like
Ds, it is this element that directly controls the tipe cf gene acti n that

Nmﬂ%éd gl

will occur at the Al locus and the twvmes of change in t-is aedsen tinat may
A

A
occur subsequently, It abpears to be the same element that is vrreszent at
e i m-1 m-1

ao . This conclusion is based on the rrosponse bBth ef ag and a,

A

to the presence of an indgpendently located element designated Suppressor-
W&JM%M\/: \SM Y\ODMM&%M W Modul Wﬂ?ﬂ’\»ml

mutator (Spm). All sction of ih SeRe—at -a—ai—ra-a- a.-, aud%

Rl ov poudt 2peept wa Wt G, .

is.suppressed when Spm.is present.in fthe—awretetof T prmrtexcert—in

o the element r siding at either

me1 /vwdw&b W{wﬁoy w}d-[&u)

alm”l or a, that allowg the gene substance to become actvve e hme—dn-
aet 2y e et iy
Ry r in Iﬁ@’descendan?}. The particular type of expressicn of the -
A A

gene that these modificaticns effect ig thereaftor maintaired eithor in the

W ey wu@ugm hou , Vot

presence or the absence of the Spn element, the Spm

m=-1
. . , , m=1
element is comoplementary to the elevent located at al and a, .

It servecs to activate it and as a consequence of t is, stable mutations

~are produced, In t is resvect, it rescmbles Ac in the Ds-Ac system,

tne genic siost“nce

Howevir,/at bota al — and ap™ -1

may be active to some exbtent when Spn



is not present in ®the nucleus., When it is removed, either through meiotic

segrecaticn or by means of somatic transposition, anthocyvanin pigrment may

3 o . 5
- L 4 Ll h ¥ "‘,/ K l.iL" & 4
o et VAR g < . - -1
appear 1n the kernelsg and plants having either al or a2 and its
N %

distribution is uniform, In other words, there is no veriecation, The

time and intensity of pipmentation 1s an exp ession of the particular state
o W, Oy, ol adiuduf
- . =1 m-1 : . . ;
of edsher the ay or ay locus tnat is presentA These states and

thelr origins will be congidered shortly. When Spra is returned to the

-
H

s . . -1 7 :
nuclel by apnuropriate crosses, @l gene action at aq and a. is suppres
2 I
ed except in those cells where rutation-producins events occur, Thus,

Spm serves not o¢nly to activate the complermentary elerment resiidihg at

alm_l and az'

and the eby conditioﬁ%ﬁg stable rmutations &t those two
locl, but it also must act upon tils element in vet another manner for its
presence results in suppression of known potentials for gene actiog) excent
in t ose cells whore mutation-producing events occur, These tWO soawsie
different aspeets of the mode of control of the 8pm element on the element

, m-1 m-1 T duad '
residing at ajg and &n @3}$espcnsible for its botns designa*eﬂlou
Suppressor-mutator, HDowever, this seeﬁdmgy'dual action mayv be the
expregsicn of only one process rather than of two unrelated processes, as Wil
be indicated later,

Lho stoles 53 AW

A1l examinations of the effect of a controlling element at a gene lpwwd




must be conducted witih the affected locus, Since, in addition to stable

mutations, the controlling clement may also initiate structural or organie-
) £

zgtional modifications of the locus thot alter its subse uent erpression,--
that 1s, change the state of the locus,--it is necessary to consider

states of the affected locus and their origing beforse detailed results of
=]

Ong- , Mel
experiments ean-be prescnted, With aj s & changed state 1s readily

recognized by the appearance of an individual kernel or plant that
exhibits an altered response of the locus to the nresence and absence of
Spm. Forwmexsupte, When the controlling element first en@ﬂ%ﬁ the locus of
Al, it effected a particular tyve of modificaticn in &t e structure or

organizaticn ,of the locus. In the absence of Spm, some gene action
occurre@a Kernels were lightly but uniformly pigmented as were the

plants derived from them, In the presence of 3pm, however, all gene

action was suppressed except in some cells where rmutation-producing

m-1 .
events occurred at thelocus of aj that allowed the gene substance to

aL

be active in the descendants of t-is cell. Egeh such event ddid not

;3£z§¥-én the same degree or type of gene action but many of them rsstored

ne full or near full Al tvpe activity., Nany of these events occurred

SR . v
relatively early in plant and kevnel development, -Hmddke Ac, verieats
A ) !

Yuaw,

. o - e o . P .
in dose of Spm hat 'no effect on altering the time of ccecurrence ci-these
)

o waUuss sgeet WM 0chom e oy, ooy Yewn that oy e
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oo ocepnid)

eVeniLs, A-ﬂwwén5=e£fhutation-@noducing events oeewr®ed-in germinal cells

and this made it possible to examine the nature of the mutation in the

worwili & Gpwe

next generation, Another tvpe of change af al also occurred in a
4

few of the germinal cells, These resulted in altered expressions of the
locus both in the presence and absence of Srm, Some of ther were
detected initially in individual kcrnels in the progeny of the original
e Bl

-a1" 7 carrying nlant, When this plant was crossed to vlants that were

‘homozygous for the standard recessive, 8y s which does not resp ond to Spm

. y m=-1
but responds, instead to Dt, the mEIRRIR¥XRRXKXXMAIX ~IXEXWXXXXAR al
mrmERkRkwdxayxxxxkeenx locus in the majority of kernels that received it

m-1

1 locus anc

was unmodified, Among the kernels receiving the unmodified a

also Spm, the variegation pattern was much tre same, Thers we e many

plgmonted areas,

KRR 2 T K 1%

large 3
mmmwmwﬂﬂwﬁm A
events, Asany of these exhibited the full Al
y, A
A Onkeso

Hdowever, an occasional kernel appeared that exhibited a quite different

rxxge indicating early occurring mutation-procducing

type of pigmentation,

. . f
pattern of pigmented arcas,  Lwo kernelérwere found/&mong several/

thousand ¥that had only small pigmented areas, ”hose were uniformly é§§§

voveie plosme LA 3 OMER oo, thip InCuds ®§

distributed &aa—%ne intensity of pigment in tnzm.was either qulue light

A’ Nt MWWc{W chumz@wf Doe dub,

or‘vorv dark, Anotiinry kernel appeared that had a numbe% of 1arge

g

vlgmented arcas as well as some small aress but the intensity of the
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pigment in all of them was

N
d;&;\‘\}\ ’

It ranged from very faint in some are:s to a=umﬁ:nm i~ in ot-ers,

excentlonﬁl
Plants were goown from the three described/k-inels, Tests conducted

with them and their progeny indicated that the pattern of variegatcion

‘s R e : M-
exhibited in the presence of Spm was, heritable, The altered &y 1 locus,~--

the changed state of the locus,-~in each case responded in its own

particular wav to the prrosence of Spm and also to its absence., In the

=1

absence of Spm, the state of al eI in the first described kornel

produces dmmpxmikimzmk deeply pigmented kernels and rlants. Tre ¢ in tre

Ry

second described kernel gives rige to very lightly nigmented kernels but
S * ms F P m-l £ - Ty
rather darkly pigmented plants, The state of al rresent in the tird
described kernel produces no pigment in either plant or kernel in the
y WAL
absence of Spm, Subsequently, other states of alm 1 haye—baan isolated,
dach 1s distinguishable from the other by the tvoes of mutation and the

¥ oxpoen whily Span o e
time and freguency of their occurrnnce I thespresence—odosem as vell as

= KA1 Lr st AP s

opyase N
the tynme of expression of the gene suostance that ap in the absence of
St Conts, oo 0eBioy 1o oM prsad Wty Proesine = Spue esgt w tiop o5 ek V1B oty w»w

bpm./\ Ho relaticnship was noted anong the differvent states betwoen the

uM&ﬁ&%wwuk

control of time oF occur ence of mutation in the presence of Spm and that
A

of ty~e of gene actiocn thot occurs in its absence, = <igure 1 illustrates

the distinctiveness of several of the states of alm'l aAMﬁThJKP‘ ﬂﬂﬁb%&b
0 1amq2 2 diuisots Thak (p cpsenst Qe oy ol Ma@l vvolw «{ & W,
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m-1 , . . . .
The interréty of a state of aq is maintained in heterozvgous

plants and t is applics to plants that carry a different state in each of
thelr chromcsomes 3, In such plants, each state resp'nds to Spri in its

own peedictable way anc the varicgation patterns each produces will be

., . - . -
expressaed in the plant or kernel tissues., “igure 2 illustrates this. ine
kernels in the phogographs carry the state shown in — of figure 1 in one
chromosore 3 and the state shown in == of figure 1 in the homologue, The -

omd Ve Aidaliou 1 po

pattern of mutation produced by each state m$}§eadily recognized in these
A

kernels, In the plants, normal segregation of the two states occurs at

neiosis and each mavy be recovered in the expected proportion from the

gametes that these plants produce,

States of a -1

1 are maintained unchanged in the absence of Spm, In

its presence, however, new states may arise and the frenuency of occurrconce-
of this in germinal cells 1s related to the time of occurrence of mutation-
producing events that a particulsr state exnhibits, If the sta.e vroduces
some early occurring mutations, then new staitcs of a4 may appesr in the
germ cells, and the frequency of t"is is proportional to ths frecvency of
occurrence of these carly rutations. If, on the other hand, the state is
one in w ich mutaticns occur only late in development of the plant'or

legpred, tiieh few or no altered states may be recovered in the gametes of
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these plants, The mutation-producing cvents at al:— s regardless of state,
give rise to stability of expressicn of tie locuse. The particuvlar tvwe of -
gene action the rutational event produces continueg to be exprecsed in
subsecuent generations both in the presence and in the absence of Spm,
This suggests that the change resnonsible for these mutations may leswe
removed the ccntrolling element from the locus or it may kese resulted in
its inactivation with regard to Spm, Since the chanpes in state arise
at the very same developmental p riod as the mutation-inducing events occur,
it is concluded trat they represent a modification at the locus induced by

the controlling element residing there @hat did not result either in its
removal or 1nactavatlon. In other words, the element responded to the
A

presence of Spm at the apnointed time and in the aprointed cell$ but the
cons-quence of this was not the usual one,-=ifef, the rmutation-producing
event, Instea d, the responding element itself was eith r modified or it
'lnduoed some reorganizaticn at the locus that modified its capacity to

¥ {05 I} s 7y Pwankolins, O Wedl 8o
respond to Spm with regard to tlmo et wride—_ssur, the tiypes of

oud adRo i) 2%
mutatisns 1t can induce’as=ue$k~&s the trype of gene action that can occur

in the abscnce of Spm, It 1s as evident in this case as it 1s with Ds

that a change in state is one ol the consequences of the response of the



of the controlling element residing at a gene locus to the independently

located element of the system,--Spm in this case and Ac in

Netoe Ty a'b(a/ Spn WW!&W

~.'a)s-----.----n----.‘.7-_--—7 —

U

DINs
In the early exemination of aq s no evidence of the presence of the
A

e ’ =1 .
Spm element wss deteclted, This was because the ori ginal a] carrying

plant had a number of Spm elerients located at various nositions in the

g Grtowsy Wasdy ol
Qhromosone cormlernent, Allef the gametes it produced nad Spm elements

3a them, Since the dose of Spm has no a~preciable eiect on the pattern

of mutation produced by alm-l, differences in number of Spm elements in a

kernel or plant is not made directly evident by this means as it is with Ac,

i Mg

Tl
It was only after several generations of crossing of aj plants to aq

dﬁaﬂ?: C LML 2R W Tj{w

tester stocks wnich did not have Spm, thot %‘rahos of' variegated to

uniformly Paﬁp

A 1&gt colored kernels appeared on the test cross ears, These ratios

. L3 ] . m . *
indicated the pr-sence in the al carrying plants of an inderendently

located element that is associated with control of alm'l expression,

They also indicated that the number and the location of this element was not

the same in all tested plants, In the meantime, several different states

m-1 . - R o - . .
of a; had been isolated on the basis of the altered variegation patterns-

that appeared in individual kernels on several of the ==eat testeross

ears, as described curlier, In successive geerations of crossing of
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m-1 , .
plants carrying these differcnt states of al to the aq tester stocks,

the same kinds of ratios of variegated to non-variegated kernels also

began to avpe r, It was then g'ssumed that the uniformly vignented

m=-1 ) .
(non-vuriegated) kernels and plents carried 8y but not the independently
located element, On the otrer hand, this element was assumed to be

present in those kernels and plants that showed pigmented areas in a non-
pigmented backgrcund, Un t:is interpretatiocn, tie indevendently located

element was exerting a suppressor-mutator tvoe of control of gene action

at alm’l. Since the dose of t is element obviously did not affect the

. . - . ; m-1
pattern of mutaticnal events, cortrol of tiis must reside at the a

locus itsell, the tvpe de endding uron gre state of the locus, It was

evicdent that the phenot pes of the nonvariegated ke'nels and plants also

m=1
reflected tre state of the al locus that was nrescnt in themn,
The hyoothesis stated above was subject to test. 1 it were correct,

evidence in supvort of the following four statements s~culd be obtained;
(1) A1l variegated kernels and »nlants carry at lcast one Spnm element,
(2) No Spm element is prescont in the non-variegated class cof karnels
: . watuue : s
and nkants,( Germinal mutations, deseribed carlier, are excluded from this

class,)

(3) The aj™ 1l locus in tre non-variegnted kerneks and plants is capable
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of res ocnding to Spm if this element is subsequently intrcduced into a
nucleus,
() The trpe of response t6 Spm and the prenot pes ppoduced in its

m-1 locus.

absence 1s a function of th- state of the al

A large body of evidence in suvport of these statements is now availavcle
[ o fagits

and it has been obtained by variocus types of test, onlv a few of w-:ich
; ‘j s

"need be outlined hasre,

In order to facilitate identification of the pr:sence or absence of

Spm in a particular plant, so-callsd Spr tester stoclks were developed,
I s )] k

. _ . m-1
These stofck have eithor one or the other of the two states of a, shown
(rrt g

in =« and = of figure 1’(hdthese states were selected for the following
reasons, In the fivst nlace, waen Spn is present, very few germinal

mutaticns or changes in state occur, Therefore, nearly all of the
TR AR AL e

mn-1
gametes produced by plants carrving these states of a4 and also Spm
A

\ .o m=-1 o .
nave an unmodified al locus in them, Ledandly, the pattern of variega-

tion each produces in the presence of Spm is distinctive and non-obseuring,
/ »',’\\’“'q

~

Thirdly, in the absence of Spm, one of these states,- figure 1, gives rise
to darkly pigmented kernels and t.is is a useful character in sonme tests,

The tester stocks were made homozvgous for one or the other of these two

e - .
statese ‘hey were also made homozvgous for either Sh2 or shp, located
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-1 .
very close of a1 ( about one-quartsr of a psrcent crossing over occurs

between them).

An exammle of one serinos of tests will illustrate some of the met.:ods

employed to detecrmine Spm constitutions of indif#idual plants, The d 1ks of

- . . M=, .
two ears of a variegated nlant carrying a and Sh in one chromosome 3

1 2

and a; and sh2 in the homologue and also Y in one chromnocsome 6 and v in its

homologue, recleved pollen from a —~lant that was homorvgous for al, sh2 and
. sk
m“— - - - H 3 R g ’
Ye The state of aq in the pistillate plant was that shown in -~ of
N

figure 1, From tais cross, the two ears produced a total of 7.5 kernels,
There were 181 Sh2 kernels in which the aleurone laycr was uniformly and

rather darkly pigmented; 69 of these were ¥ and 112 were y, The aleurone
laver in anothor 188 Sh, kernels exhibited a number of spots of the full Al

tyne pigment in a colorless background and 117 of these we>e Y and 71 were

Ve The aleurone laver in the remaining Sh_ kernels wss comnletely colorles

2
and the starcn in its endosperm was Ve Among the 375 sh2 kernels on these-

two ears, the aleurcne lav r in 373 of them was totally colorless; 186 of
- o m . . D ) 3
these kernels were Y and 187 were ¥, *he remaining 2 shy, kernels ex~ibited

spots of full Al type vigment in a colorless background, The pnenot pe of

the starch 1in one of them was Y and that in the otner was V. Since



18

a1 g colsely linked to Shy, necarly all of the Sh2 class of kernels on

1

Dlew . . a A aa
these two esrs should carry an aq 1 locus and nsarly all of the sh?

kernels should be homozvgous for the standard recessive, aq . The close

linkage of alm”l

to Sh2 is obvious for only 1 Sh2 kernel in the total of
370 was completely colorless and only 2 sh2 kernels in a total of 375 had
pigment in the aleurone layer,

On the basis of the interpretation given above, the uniformly
pigmented kernels should have no Spm in them whereas those exnibiting spots-
of the full A2 type pigment in a colorless background should have t:is
element, From the ratio of these two classcs among the Sh2 kernels
(181 to 187) it could be coneluded that the variegated pistillate parent
plant had one Spmn, The ratio of ¥ to y in each of these two classes
indicated that this Spm element was carried in the I bearing chroroscmel
It was then necessary to determine whether or nct these conclusions were
valid, For t is purpose, 10L p%ants were grown from various tvpes of
kernels on these two ears and tests were conducted with them, The
phenotynes of the selected kernels were as follows: 11 uniformly pigmented
Shy Y, 13 uniformly pigmented,. Shy 5 -17 variegated Sh2 Y, 8 variegated
Sho y, 1 variegated sh, Y, 30 colorless shp Y}and 2l colorless shy .

A1l 2l plants derifed from the uniformly vnigmented kornels were themsleves
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uniformly nigmented, All ef—fhe 26 plants derived fronm the variegated
kernels showed small streaks of the Al typecpigment in a non-pigmented
background, And, as expected, all 5l plants derived from the colorless
sh, class of kernels lacked anthocyanin pigment, Each ~lant was thnen
tested for presence or absence of Spm by crossing it with a plant in an
Spm tester stock,

To illustrate how the tester stocks can serve to reveal the nraosence
or absence of Spm, those tests conducted with the 5l plants derived from
the colorless, shy class of kornels will be considered first, This is a
completely objective test since the presence or absence,in any one of them

: The silks of
of Spm could not be assumed on the basis of »nhenotrpic expressiocns, / 6ne

1

or more ears of cach of these plants received pollen from plants that were

Ceqpgd gk
homeczvgous for elther state - or - of figure 1, for Sh2 and for y; thecse
pollen narents were uniformly pigmented'indicating the abrence of Spm in
them according to the stated hypothesis, If the plant being tested has no
Spm, then all of the kernels on the resulting ear will be uniformly colored,
If, nowever, tne plant being tested carries Spm, tihen it should be present

. . . . . . . m-
in some of its gametes, Following introducintion of the a 1 locus from

1

the male parent, the presence of Spm in those kornels that received it from

the female rarcnt should be revealed by the apv-arince in them of small,
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“ha wulinf S easdy g
deeply vigmented spots in a colorless background due to aetivation -ef -fthe

alm * locus by—the—Sem-—ejement, In those kernels that did not receive

Spm, the aleurone layer should be uniformly pigmented, Among the

30 plants derived from the colorless, ShZ’ Y class of kernels, it could

be det rmined on this basis that 15 had a single Spm element and 15 had no
Spm. In 13 of the 15 plants that had Spm, linkage of it with ¥ was
evicdent (A, table 2) but in the 2 remaining nlants, no linkace of Spr with

linkage of
Y was evident (B, table 2), (The reason for the absence of/Spm iwithe ¥

in these 2 plants will be considered im 2T, on, It need only be
mentioned here that this is not unexpected,) Among the 2l vlants derived
from the colorless, sh,, ¥y class of kernels, 6 had a single Spm element

(C, table 2),and 18 had no Spm.

Lach of the 2l plants derived Trom the uniformlw pigmented k: rnels

was testved for presence or absence of Spm

in the described menner and in none of them was Spm found to be present,

All of the plants derived Trom the variegated kornels showed streaks of the

Al type pigment in a non-pigmented buckground and the test crosses indicaced
the presence of Spm in cach of them, In 16 of the 17 plants derived

from the variegated Shy Y class of kernels, one Spm element was present and

in 15 of these plants, it was linked with Y (D, table 2). In one eaf—shessc
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plant, however, ho evidence of linkage of the single Spm element with Y

was noted (B, table 2). In the remaining plent dn this’ group, 2 Spm

elernents were present, neither of which was linked with Y (Fm table 2).

More than one test cross ear wos obtained from 11 of these 17 plants and

the number and locetion of the Spm element was the same in the cells

producing all ears except for one nlant, In this plant, one Spm element

s prosent in the cells producing the main ear and it was lirked with ¥

{6-1, table 2), In the cells that produced the tiller ear, however, a

single Sprm element was present but it showed no Rbinkage with Y (G-2, table c
Q%In 2ll 8 plants derived from the variegated Sh2 y class of kernels, one Spm.

was vresent (H, table 2), OUne Spm element was also present in the plant

derived from the variegated sh, Y kernel. This plant was used as a nollen

\)

parent in crosses with plants having different constitutions: homozygous

11lso for:
and/§ (2!
for a; and shg/and having no Spm, homozygous for aeveral diifsrent states of

A
Iilwe 1 . o (3‘
8y but ~oving no Spm, and be- peaibefoedsmeseEn
A

=T me-1

Em—tee—ppne 8] Shg/al sh,, y/y’ no Spm, - In this third group,

. . m-1 e as
plants with different states of aj were represented, All tests indicate
A ]
1‘(\1»0
in one sh2 corrying chromosomne
A

. . M
the presence in thepcllen parent of a4 3

oM ijm;ux U “
‘ N
and Of Spm in the Y carrving chromoso qe, MW ‘Cﬁlﬂ.) %rﬂa{ ,//_L&U-ﬂl«r

K’WM W»Huu Yo Aasiss dl%{_@ﬂ/ﬁfﬂéw cg QW



The tests described above were conducted with the progeny of a & ngle
plant in a culture, There were 19 variegated plants in this culture,
Hach was derived from a variegated kernel that appsared on an ear of a
varieg ted plant that was alm’l Shg/ a; 8hy, ¥/y, wx/wx (chromosome 9),
pr/pr (chromosome 5) in constitution when vollen of a nlant homozygous for
a3y, sho, ¥, Pr, and Wx and having no Spm had been placed on tne silks of
this ear, All Jernels appearing on t is ear vere Shy, and the distribution
pf phenotypes among them were as follows: 28 uniformly dark pale Y, 7
uniformly dark pale y, 55 variegated (spots of deep pigmentation in a
colorless background) Y, 86 variegeted y, 75 colorless Y, and 103 colorless
Ve Among the kernels showing anthocyanin pignent, the ratio of uniformly
dark pale colored kernels to variegated kernels indicated the »resence of
at least 2 and vpessibly 3 Spm elements in the pistillate parent nlant and
onc of these annsrred to be linked with Y, The silks of ears of 9 nlants
derived from the variegated Y class of kerncls on t .is ear and of 10 vplants
derived from the variegated y class received pollen from plants that were

homozygous for 8y, shz, and yy and h2d no Spm, The ratio of kernel tvpes

. N R
N0 u’/}( \i‘n{‘IJ}""‘h“ A d \‘\ }’}J:y»hv\j}b
appsaring on the resulting cars produced b: sach of those 9 plants is
A
entered in table 3, In this table, the 9 plants are nlaced in four groups,

A to D, according to the assumed constition of Spm in e-ch that the ratio of
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kernel types suggested, The 6 plants in A of t:is table were assumed to
have a single Spm element located in the Y bearing chromoscne, Progeny
from Iy of thesc 6 plants were grown and again tested for Svm, Those
derived from plant 6629A-1, line 1 of A of table 3, were considered separate

oy
above, The total number of progeny,rlants in this group that were tested

. ., ‘ A
\*’\\Q"WX’Q‘V C%ﬁ,( i SN L{/,u,é "}?JIJL{ Qo
and theiw ozigims are entered in the last line of A of table 3, These
A

tests verified the presence of Spm in the varkegated k-rnels and rlante and
3ts B@bsence in the uniformly pigmented kernels and plants. Thew also
verified thed assumed Spm constitution and location in the pistillate

Qmpﬂtn-
parent »lant, Only those tests conducted with the 116 plants derived

A
“rom the cbkdrless sh, classg of kernels will be summarized hore, Among

the 56 »nlanis derived from the aj shp Y class of keirnels, 32 carried Spm

and 2lt n~d no Spm, In 30 of the 32 vlants having Spm, linkage of it with

Y was expressed, I, table 2, In two mlants!&the Scm eletient wes not Gﬁvg\
B . N\
uﬂnﬁ Usksl, — \
linked with ¥, a& menticned earlier (B, table 3), Among the 60 plants

single 3Spm elerment

o)

deirived from the aq sh2 ¥y class of kernels, 17 had

(J, tatle 2) and I3 had no Spm.

Q&dq&Lﬁgfkuﬁzf T uﬂlﬁv
: ' leestien in the 2

In order to verify the

plants entered in B of table 2, tests of some of the nrogeny of both of them

were conducted, An ear of one of these plants had been self-pollinated
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A

. AR p -
and another ear of this nlant had been used in the cross with an aq 1 on2
¥, no Spm tester nlant, Xmm Progeny from both of these ears were arain
tested for Spm constitution and location, The silks of ears of 8 vplants

dzrived from aq sh? kernels in the ¥ class on the self-pollinated ear

m=1 o

5 ¥, o Spm tester nlants, From the

<Phore

°
o]
o

received nollen from the al
kernel types on the resulting ears it could be concluded that swe o%«
plants ware ¥/Y in constitution and that one of them had no Spm whereas the
other had 1 Spm (199 pale colored kernels : 169 variegabed kornels on the
test cross ear), The remaining 6 plants were Y/y,. Cne Spn was prosent
in li of them but it was not linked with Y (K, table 2), An Spm element
homologous ,
app:ared to be carried at allelic positions in a pdir of/chrcmosormes in the
remal ing 2 nlants (p] table 2)., Seventeen plants derived from the

Ao

variegated Shp Y class of kernelsyon testeross ear of this same parent
. . . A
' ( Ylunar b, 2. 2}
plant were crossed by plants In the 8mm tester stocks., In 16 of these
17 plants, one Spm was nresent and on none of the enrs nroduced by 15 of
them was their any evidence of linkage of Spm with Y (M, table 2).
Lowever, the ratio of kernel types appearing on the test cross ear of one

of them suggested such linkage (N, table 2), The remairing plant had

2 Spm elements, neither of wriich was linked with Y (0, table 2),
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Tests of Spm constitution in 9 plants derived Irom the variegated Shp
Y kernels on the ear produced by tne test cross with the other plant
entcred in B of table 2, supgested that the Spm element in thiis nlant had
been carried in the Y bearing chromogorie but at a new location that was
farther removed fon ¥, Seven of the 9 progeny plants had a single Spm

thay puducd s

element and in all of the test cross ears, loose linkage of %t with Y was
A

P24

e

expressed»(P, table 2), One plant of the 9 had 2 Spm elements (@, table 2)
and X®m the remaining plant had 3 Spm elements (R, tatle 2),

Further examples of the progeny test method of determining Spm
constitution and location will not be given here, It should be menticned,
however, that such tests wore conducted with the indicated progeny of
the »nlants entered in B, C, and D of table 3, and also with the progeny of

B 08ETDus)

the 10 other plants of this same culture, Also, s—RuRber—oF swen t estg

e my&nuw%agﬂ%uu(b@&
®.¥" were conducted with the progeny of plants having othor states of alm’l
A
Y 2 K. L0 e L. » > r - : ] m_l L]

or combinations of states, i.e,, carrving different states of aq in
. Wk 2 .

ech chromosone 3, fke tests clearly supvort the l statemsnts given on
~

vage » and particularly statements (1) and (2), Hore diPect supvort for
statements (3) and (L) was obtained by other tests to be described sihortly,
Varicus different locaticns of Spm, eit:er in different chromoscmes of the

complement or in different locsztions within the sane carormosone, were
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discovered in tnese tests and each det:rmined mosition of it was
subseauently verified by means of progeny tests, howev r, it is clecr
from the tests so f-r described that Spm doss not remain at one location
within the chromosome cormplement but disarncars from a known locotion and
appears at a new location and this will

A Cunozed

section, Before this is desewribed, 1t 1s necessary to show that the

be consid:ored in a separate

Spm element, regardless of location, is capable of acting upon anv one of

the states of alm"l.
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Kesoonses of different states of alm’l to the same Spm element

s
mvidence for statement (3), page , appeared in all tests in w,ich
A

° 4 - M . ) da e 1 7
either one of bhe two states of ay 1, present in the tester stocks, had

been used in crosses with plants carrying Spm, Lach state resnonded to
Spm in its characteristic manner, In order to determine wiether the

Spm ekement present in a particular nlant would be capable of activating

other states of alm'l, several additional types of test were performed,
One of them utilized different ears nroduced by a single nlant, In one
wo ke el gl
" Yal 3 - v
such test, these plants were homozvgous for aryp- Spm could be either
A ‘

present or abscncd In any one of them, Pollen from a rlant of sheo.

c11% Snap-
tester stock carrving either state - or state - was placed on the siiks of

) Bl It . a &Lﬁ@"& o -
an ear of one such plant, lhe s lks of ewmedikesr sar of the same plant

Q..
received pollen from anedker plant that was homozygous for a differont

- Mo . - s ot
state of aq L and in which no Spm wss present, If the pistillate plant

had no Spm, then all kernels on both ears were uniformly pigmentsd, and the

intensity of this reflected the state of alm-l introduced by tihe pollen

€110
parent (excluding state -, Tigure 1, which gives colorless kernels in the

absence of Spm), If, however, the pistillate parent carried Spm, then

both variegated and non-variegated kcrnels appeared on both earg but the
o Srlrd
«

pnenotypes of the two classes of kernels on each earsreflected the state of
A
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o

m—l . > % .
aq introduced by the pollen parent, Again, if the amkdyekiag element

‘showed linkage with a genetic factor ameng—hre-lke=nels bn one ear,'I&ﬁ
Wan Wy \iu@‘c LAp Lacsel
usuzity——shewed this same linkage on the other eap}and an exarmple of this

A
is given in 8 of table 2, In tis test, the main e~r of an al/a s Y/y
1
plant received pollen from on?tﬁ% the Spm tester stocks, The kernel
types on the ear tris cross produced, §-1, table 2, indicated the precsence

in the pistillate parent of an Spm element carried in the L chromosome,

The silks of a tiller ear of tixls same plant received pollen from a plant

[ PP
‘)?’13:'1/ 7%

that was homozygous for state =, figure 1, and also for y., The pollen
parent was uniformly pigmented indicating the absence of Spm in it, The
kernel types on the ear this cross produced are entered inf§-2 oi table 2,
The. ratio of variegated to non-variegated kernels in the Y and y classes
was rmucn the same on both ears, Thus, it could be concluded that the Spm
element, carried in the Y chromosome of the »nistillate plant, was capable
me-1
of activating either state of aq . Pollen from the same collection
tes% tras used in the latter cross was also placed on the silks of a plant
homezygo:s for a1 and for y, but in which Spn was known to be absent, All

of the 29l kernels on thé ear this cross produced were uniformly lightly

pigmented and all were y. This test confirmed the absence of Spm in the

pollen parents
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Another tvpe of test tiat was emplidyed to indicate the response of
different states of aim-l to the same Spm element, utilized the pollen of
plants that were homozygous for a7 and in wiich Spm element was present,
The tvpes of test conducted with two such plants, number 6861~1 and 6861-T,

ape illustrated in table Il , Both of these plants wore homozygous for

al and shz', . g BT o3 —PE-E-EOR o1 are .

. Al
retiog apvearing in the—t=bte]” Rmihxmiankx The silks of an ear of each
A

plant received pollen from the alm”l tester stock that carries state 5718;

distol e

The tyres of kernels on the resulting ear are entered in A of table Lo,

4o o

Thece ratios indicate the presence of ﬁﬁépm in e~ch plantS Both plants
A

were used as pollen parents in crosses with plants that were homozyvgous for
state 5719A=1 but in which no Spm was present, The types of kernels

on the ears resulting ffom these crosses are entered in B of table I,
Again, a 1 : 1 ratio of variegated (Spm) to non-variegated (no Spm) kearnels
appeard on these ears, indicating the presence of 1 Spm in eacn of the two

pollen parents, These sare two plants were also used as pollen parents in

=1

crosses with plants that were a; Sh2/ a; sh, in constitution and had no

/2
Spm, ihe state of alm'l in these plants was that w ich gives no anthocyani
N

pigmentation in the kernel and plant in the absence of Spm (state 5720, =

w0

figure 1) but =iwese many mutations to the lower alleles of Al in its prescnc



Other ears of these same plants received rollen from plants that were

. . . ~ m o .
homozwgous for a; and sh2 but had no Spm, the types of kernsls appearing

Fal

on the ears resulting from ecch of these two t'pes of cross are entered in

C of table i o+ Again, it is evident that plants 6861-1 and -7 sach have

] - . . “ . : - m-.
one vpm element that is capable of acting on this state of a ™ 1. ‘he

1

results obtained from the deseribed tests are t:0se to be expected 1f the

Spm element in plants 6861-1 and -7 is cenable of acting on differant

- 4o o Mo 5 . .
states of aq 1. The same type of test as that just described was

conducted with ajy shg/al sh, plants having more than one Spm element and
the ratio of kernel types on the test cross ears was that expected if each

of the Spm elements present in the a Shg/al sh2 plant was capable of

. S . m~1
acting on each of tie states of 2 o

Still other tyres of test were conductsd to determine the cavaclty of &
Sprn element to act on different states of alm’l. One of them utilized the

pollen of a plant that was almyl sh2/al sh, in which a single Spm element

P

was vresent at a known locotion in the chromosome com-lement, When such a

plant was used as a pollen varent in crosses to vlants that were alm’l Shg/

aq sh2 and having no Spm but among which different states of alm"l were

represented, the t.-es of kernels on the resulting ears clearly indicated tht

capacity of the Spm element in the male parent to act not onlw up:n the state
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of the alm’1 locus delivered by the male parent, but also upon the stete of

m

the aq -1 locus delivered b the female parent, Again, when »lants

==
ca rving Spm that were al 1 Shg/ ay shz, among which diiferent states of

mel . . .
ay were represented, were used as vistillate parents in crosses with a

, . B - .
plant that was homozygous for one state of ay 1 ang also for sh2 but in

which no Spmwas present, activation of the alm_l state “elivered by the
male parent by the Spm element delivered by the female parent was indicated
IrTall tests of this type,

Detailed consideration of the various troes of test menticned above
cannot be given here, fdowever, all of them clearly established the
similarity of the Spm element garried in the many diffe.ent tested plants,
and regardless of 1ts number or i1ts location in the chromosome comple~ent

of a given plant, They also established the abilit of th& Spm eleent

m-1

1 and they indicated that

to act upon any of the selected states of a

control of type of gene action in the absence of Spm and control o the

as well as its type in f%w;presgnce of Spm 1is solely
time and frecuency of occurrence of mutatidnfhtii%ﬁiixix a function of the

_ mn-1
gtate of al .
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Stability of mutants produced by ay

Mutation producing events may occur at a ™=l not only in somatic

1

cells of the plant and in the endosperm cells of the kernel, but also in

ancestor cells of the gametes, that 1s, in the sporogenous or gametophytic

W

cells, The frequency of their occurrence in these cells, and the phenotypic
A

expression that will result from tbig{is related directly to the state of
the a1m~1 locus itself (see table 1), With most states, the majority of
germinal mutations modify the locus in such a way that it is subsequently
capable of acting much like the standard 44 locus, nowever, all s&ates

give rise to some germinal mubations that expross a ruch reduced capacity
(5'\10}
for pigment production, State -, figure 1, produces almost exclusivel
Y 3 & s ¥

m=-1

this latter type of mutant, When plants carrving ay and Spm are

some kernels on the

resulting ear may exhibit a modified phenotype and this is the consecuence
4

crossed by plants that are homozvgous for al,

. -1 >
of a germinal mutation at alm . These kernels are uniformnly pigmented

usually
and the intensity of this/differs markedly from that arpearing in the kernels

1 Sop Thoe

locus and no Spm, Kernels exhibiting phenotrpes
1 A

oxpectenTrom—permingd—rrtobiens Were rerioved Irom seme—ef—tive &lrsJand

having an ummodified alm’

the plants grown from them were examined for anthocyanin distribution and

WoL tested for presence or absence of Spm, It was found that (Etrtensdey



These kernels gave rise to plants that were uniformly pigmented, “hen, in

m-1
turn, thegg pEmts were crossed by plants that were homozygous for aq

but had no Spm, it wss learned that Spm was present in some of them and

b phenotype produced by the
absent in others, However, in all céwes, the/mutated locus

W Ber 0w il ROusds Lty . wmwwm%w&m e
Wt (el Uyt pasusee o oot

plants were also crossed br» plants carrving Spm and from this test it was

0o

learned that #he mutant locus in those plants that had no Spm would remain
A

These

unaltered in expression when Spm.was introduced,

The most grazhic illustrati-n of stability of mutants in the presence

o] . o M= 1 -
of “pm is derived fromc rosses of plants carryjng the state of a, (J“Ld)

hat produces no anthocyanin in the absence of Spm but gives rise to many

early occurring mubations to low alleles of A. in its presence, When

1

this state is present, the frequency of occurrence of germinal mutations is
high, and they are revealed imximixidmakxkzrmaks by the appesrance of
kernels exhibiting a uniform distribution of pignment over the aleurone
layer, The intensity of this pignent among the different kernels m ving
gerniinal mutants varies from very faint in some to rather dark pale in

others, The same range in intensity of pigmentation is expressed in the

plants grown from these kernels, the degree correspondfgg-with that stews
A ‘ A -

7
shown by the kernel from which the plant arose, These plants, in turn,

s/



c

C Ihrwaggron oo 0wk RaweupusSiu)

were crossed with éﬁg Spm tester stocksAin order to detsrmine the

presence or absence of Spm in them, a#d Spm was found to be present in some
of them, The stability of the mutant in the prssence of Spm was cle:rly
revealed in this test cross. Some of the kernels on the kmxk ear
resulting from this cross gﬁiﬁiﬁg the mutdkailocus and Spm de=iv¥ed from

one parent and the almpl locus dexnized from the other parent, XIx FThese

exhibited
kernelsd spots of deep pigmentation in a uniformly pale colored background,

fipure 3, The deeply nigmented spots rebrecent Spm induced mutations at the

me1
aj locus contributed by the tester stock, The lightly pigmented

background in which these appear reflects the action of the mutated locus

o SAjpsation a um efLactecd U
contributed by the other parent  wieh iﬁ»@bviously sihoite—3n the presence
A

of Spm;



ypeéAof Spm.elements

The phenotypic expreos1on gg the Spm element, considered in the

previous secti ns, was remarkably constant and predictable, notwithstanding

MMMWW wero aedsN o .

thgmany diff-rent locations of 1t that w@;e—éeteymﬁﬁed However, Spm
elements with modified tyres of expwmesaien have appeared and the origin and

expressi:n of one type will be considered here, Occasinnally, on the

PRI

ear of an a1m~1 Spm carrving plant, a kernel wiEs an aberrant pherotypie
2

0 o TahD o 0bpesvet Ml fuguaihy

expressToy will appesTy Instead of showing a number of deeply pigmented
spots in a colorless background, such kernels show only a tiny spot or

geveral such spots in a colorless background, Flants have—besn grown

Wl
from several such kernels and they and their progenyAtested to determine

b
the oausekn} the altered phenotypic expression, These have shown that

A
agwed Yhane
in swek kornels, an Spm~type element 1s present but its capacity to
A

m-1

1 and to induce rmutations af this locus is

supprress gene action at a

much weakened, It has therefore been symbolized as Spm-w, H—eenbeess—H0

In t-is section, the standard Spm wlement will be designated Spm~s to
distinguish it from the Spm-w element,

Spm-w elements hhve been located 1in several different chromosomes,
PN kauumﬂywq,RAuVQ)EJ%MEQOMdAAinb pweesd o
iThe one w-ich will be consadeﬂedﬂaeae arese ¥ a plant carrying Spm-s in

. Ry e 1 W—.]\Q“ \
chromosome 5,  This plant wos al Sh A state =, figure 1¥/ aq sho,



Pre/pr Spm-s, y/y, wx/wx in constitution, was crossed b> a plant that

was Romozygous for a sho, ¥, Pr, and Wx and had no Spm. On the resuvlting-

1’

(noSpian)
ear there were 87 uniformly pigmented Sh2 kevnels, 103 Sh kernels that
( Sp -0 Wu}d}
had a number of deeply pigmented spots in a colorless background, and aAL,/‘
4 N

small
Sh2 kovnelp thet showed only severaly/dots of deep pigment in a colorless Qﬁ

background, In addition, there were 186 sh, kernels that were totally

2 .
3 ogpedad o froaiTs
colorless, Progeny was grown from k;classes of kernels and tested
A 1ﬁhd@mkumﬁ

for presence or absence of Spm, From such tests it wes possible to learn

variegated
of the presence of Spm-s in the pr carrying chromosome of the/parent plant,

e

Be#b—planu§ derived from the Sh2 ke*nel? that showed only several tiny

. . wo-o . .
spots of deep vigment in a colorless background were uniforrily pigmented

~
and in this respect, btiaey resembled the plants that had no Spm! Two ears

of one-of fthesge plant? were used in test crosses, Pollen from a plant

homozygous for aq, shp, ¥, pr, and Wx and having no Spm was used on the

that wos ¥/y but e sAR
silks of one eaf’and pollen of a nlant/homozvgous for aq (Suate- flgure

1), Sh2, pr, and wx and having no Spm was used on silks of the second ear,

The kernel types on bhexm regsulting ears indicated that the constitution

of the tested plant was a1m~l Shg/al sho, Wx/wx, Pr/Pr, y/y.smidxihak

kernels exhibiting
apxrimkerkxwazxgx However,/the same phenotype as that from w ich the

plant arose segregated on each of these ears, Among the 328 kernels



fﬁ Le, (&

appearing on the ear produced by the latter cross, 169 were uniformly
pigmented (no Spm type), and 78 of these werc Wx and 91 wx, JThere were

118 kernels that had the same phenotype as that from which the parent plant
arose (7 Wx : 51 wx) and in addition, there were 51 totally w lorless <
kernels (Z?Wx: 2L wx)e In order to detcrmine the factors responsible for

A

m-1
the modified type of expression of ag s pPlants were grown from 55%13

classes ofideerretrs on this ear swfirrews

25 e AN ey p— " \ g " le

paRenby—Wexne—gowesied, At maturity, the phenotypes of the nlants derived
Qubiess Mhdhi

from all three classes of kerrels were a&iks fach was uniformly blgmented.

tho, (6t 00 e Lifodory Rowedn 1 Fipe redh 020; a1y dbede wt O ClefLe: weézfq ,

-
€

fbenend Ml Alptrfy i YWk i T e poout W fuu ety wloaly ARLLEAQ fAtuou L &

The silks of an ear of each of these plants received pollen from plplant q

N

that wzs homozygous for a5 sho, ¥, and had 1 Spm—s elenent’closely Iinked E

td&ﬁuo N <§

with y in one chromosoae;é Some of the pollen parents were Fr/pr and ﬁg
A

otk umeh the QW Locers ) st becey ot
others were pr/pr. From these tests it was concluded that an Spm Xdse
A

element with much xmdmzxmd weakened action was-present in esE=mrowmomewme—O-

%
" the pdzmhs derived Irom the kernels that were eaither teest¥Fyv colorless ¢

of deep color
showed only 1 or several small spots/in a colorless background, and that

this element was absent in the plants derived from the uniformly colored

kernels, The reason for tais conclusion is evident from the tyvpes of

that appeared on the test-cross ears that
kernels/these plants produced as shown 1n table (a), Those entered in A

of this table are from ears of nlants derived from the uniformly colored



o

kernels, Those entered in B of—baits—$abie are dExixEdxfronxEhexkmrneix

from ears of plants derived from the totally colorless hernels or those

1l or several o
in wnich only £ small sprot deep color appe:zreds Only two classecs of

alm'l carrving kernels appeared on the ears of plants entered in A of—ihe

tobles Half of them were uniformly dark pale in color (no Spm) and half

exhibited meny spots of deep pigmentation in a colorless background

m-1

(Spm-s present)es On the other hand, the a,

carrving kernels on ears
produced by plants entered in B of this table fell into four classes.,

Half of them (%323 kernels) exhibited the typical pattern of variegation
produced when Spm-s is present, A qué@er of them (629 kernels) were
unifor:ly dark pale in color (no Spm), ?he remaifnhng quater (693 kernels)
showed either a few dots of deeg pigmentation in a colorless background

(52l kernels) or they were totally colorless (169 kernels). In sorme of

the crosses entered in Bxmf this teble, the male parent was pr/prM

ANthD(kﬁuﬂh&dqu “NRHJIE“H&1

Mhen these pl=Ets were used ae-—potiteresewent;, the distribution of Pr to pr
anong the three eclassecs of alm’l Sho carrying kernels indicated kiak

the precence in the pistiallate parent of a factor, carried in the pr

Coliplire Koo

chromosome, that is reswinsible for the paernetipe exnibitddg very few or

no A, dots, These Tﬁa’c;los’ age entered at the foot of B of table (a)e
oo

Theﬁ}éﬁae'indicated that kxxxfRazkmx the Spm-s element)introduced by the



s sl
o ¥

pollen parent]was epistatic to this feeten, One of the plants belomging
/0

r-1
to group B of table (a) had been crossed by a plant homozygous for aq

bhg, ¥s and pr and having no Spm, The types of kernels this c ross produced-
also indicated the presence of the weakened Spm-type factor that was
carried in the pr chromosome, There were 253 uniformly plgnented kernels
of wich 70 were  Pr and 183 were pr; 1l6 kernels showed 1 or several small
Al dots in a colorless background and 112 of these were Pr and 3L wer: pr.
In addition, there were 69 totally colorless kernels,

Another scries of progeny tests were conduced with plants derived

from the several classes of kernels on the ear just described and also

from kernels entered in B of table (a). These progeny tests confirmed

Loty Wiere o

the conclusions derived from the tests just described. Details will not
A
o

&4¥en here but in order to indicate the obviousness of the conclusions,
data from test crosses of some of these plants are given in table (b).
It was learned from these studies that the Spm-w eleent belm ved as a

weakened Spm element both with regard to supvression of pigment Formation

-

-1 “hen it is

m . . . .

at aj and withh regard to mutation producing cavacity,
- Y . m- . - ST ] .

present, the plants having aq 1 develop pigment but the rate of this is um%

much slower than in the alm"l plants that heve no Spm element, Also,

suppressicn of pigment formation in the kernel is not complete for a very
A



[

W"?Q"

coloration ma. appear ah the base of kernels that have Spm-w, In order to
o A

detormine if the Spm-w elerment has a weakened capacity to induce mutations, -

. . . . . . . M~
it was incorpcrated into plants having various different states of ay 1

but no Spm-s. These tests indicated that the presence of Spm-w results in

a marked reduction of the freguency of occurrence of mutation but does not

their
alter the time of/cccurence,c’ This latter remains a function of the state

of the a.™1 1ocus,

1
Although Spm-w elements residing in different chromoscnmes of tne
cirKown
complement have been detected, no evidence of transrosition of t is element
has yet been obtained, Tests of tnis are not extensive, nowever, and thus
no conclusions regarding this may yvet be drawn, The origins of Spm-w

elemenygs from modifications of Spme-s elements is to be suspected but this

gonclusion could onlyizswz?nsidered as tentative since evidence in susnport

of it is limited tqﬁtwo;cases,w&s@e Spm-w elements appeared in the esame
14 i

A :
15 Ogylocw 3 ol . Wl
chromosome that had carried Spm-s’ el ¢ d,{/ 0 it JW

A

Wk Q%uul?k Wm‘m C&u eﬁ%mﬂﬁym-ﬂ Rodl ahotsu .
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Modifier element in the Spm system

In the course of a test undertaken to examine Spm number and location
in the »rogeny of a plant carrving two Spm elements, both located in one
\g > o
chromosome 5, a kernel appeared on é@ ear of a simgke plant in wrich
the frecuency of mutation at alm'l was greatly augmentéd. Subsequent
tests of the plant derived from this kernel and its progeny indicated the
presence of an element, belonging to the Spm system, that incrsases the

arel

m-1 with each of five tested

-frecuency of occurrence of mutation at al
A

states of 4t, but does not alter the time during te dcevelopment when

- Its presence may be detected only when Spm also is present,
P>y

these will occur, / Like Spm, it may undergo transposition, In all
essential respects, it acts like a commdementary controlling element

within the Spm svstem,

oul. A’w’o

The kernel carrving the modifier element appeared on tke eargof a

1 two of its eomg Q&/Qﬁf‘z/
plant that was alm' Shy/ay sh,, Pr/Pr, Wx/Wx inm-eonstitutien when/ik had

been used in a cross with a plant that was homozygous for 87 sh2 pr, and
Wx and had no Spm, / Cn the€geearg,there were 167 uniformly dark pale colored

kernels in the Shy, class (no Spm), 186 Sh2 kernels w th spots of deep color

( Spann \y\gm‘x\
in a colorless backgroundAwith a pattern of mutant spots similar to that

“FIJ\ [Y BTV, ‘dw; s Yoy C{f Q.'W" .

shown in KhOf figure %f There were also 38L colorless, sh2 kernels,
':"(G -1
‘ g\»

In addition, on one of these W ears, a single kernel appeared that
A



exhibited a very marked increase in the number of nigmented spots, Tt

~ o | Te

kernﬁl;u&s—?amUVe&xand~$h€.plantzgrown from 3% also exribited a very high
A
mel . .
rate of mutation at aj in its somatic cells, In order to examine the

nature of the modification that was responsible for this marked increase 1in
frequency of mutation, one ear of tiis plant,(number 6889), was self=
pollinated, Another ear received pollen from a plant that was nomozygous

'S

for almpl (state )y Sh,, pr, and wx. The reciprocal cross was also
made, In addition, podlm from plant 6889 was placed on the s#lks of
bwos—o# two plants that were homozygous for a;y sh,, pr, and had not Spm,
The kernel types and the ratios of them that appeared on the ears produced
by these crosses indicated the presence of one Spm element in plant 6889
but it was not linked with Pr. Among the variegated kernels, there were
two classes, In one, the kernels exhibited the expected number of mutant
spots, In the other, one the other hand, the number of these spots was
variegated
greatly incroa sed, The ratios of these two types of/kernels suggested
the presence in plant 6889 of an independently located modifer element
that scrves to increase the frequency of mutation at alm-l and does so
511AR SNY

either with state @ or state « , In order to verify this, kernels were

selected from the various classes égh-these ears and the plants grown from
]

them were again tested for presence or absence of thid modifier in accordanc



with the phenotwype of the kernel from which the plant arose, These tests
verified the presence of the modifier in those plants that were derived
from the kernels shar ing an increased frcauency of mutation and its
absence in those plants that were derived from the kernels that exhibited
the usual frequendy of mutation associated with the state of ag - present
in the plant; They also showed that Spm wes required for the modifier to
be expressed, It was also pogsible to learn Ifrom these tests that the
modifier undergocs transposition in somatic eails. This results in
removal of it from some cells, and increase in its number in others.

In one case, this resulted in its insertion into chromcsome 9, and linkage
of the modifier with Wx could be detcrmined in plants having the modifier
in this locatiocn, Rimoval from this location and insertion elesewhere coul
also be followed, Detailed evidence for the statements given above
cannot be included in this report, Hé%ver, in order to indicate some of
the methods used in obtainéng this evidence, several of the tests will be

outlined,

sh

In the cross of plant 6889 to a plant thot was homozygous for aq, 5

and had no Spm, 12 plants derived from the variegated kornels showing the

usual number of mutant spots (Spm, no modifier) were crossed by vlants

homozygous for aj, ghp2 and having no Spm, and also b: plants homozygous for



g

alm”l, (state ‘), Sh, and having no Spm, The types of kernels on the

ears these crosses produced are entered in A and B of table '. Light
plants derived from the variegated kernels with an increased number of
mutant spots (Spm plus modifier) were also used in crosses of the same type,
The tynes of kernels avpearing on the ears resulting from the ¢ ross with

the plants homozygous for aq and sh2 are entered in C of table o

m-1

Because the kernels on the ears produced by the cross with the a4

engres e - o m-—
:Shé no pm tester plants have different states of aq 1 in them that would

require additional categories of kernel tipes in the table, they have been

excluded from it,.
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e . . . o m-1
present in some of its gametes, Following introduction of the al locus

£

from the male parent, the presengé of Spm in those kernels that received it
from the female parent should yé revealed by the appearance in them of small

deeply pigmented spots in a golorless background dgsﬁto activation of the

s
4

- /. L3 *
alm + locus by the Spm element, In those kerngls that did not receive Spm,
the aleurone laycr should be uniformly pigmented. Among the 30 plants

derived from the colgrless, shp, Y class Of kernels, 1t could be determined

on this basis that/l5 had a single Spy element and 15 had no Spm, In 13

of the 15 plants/that had Spm, linkhAge of it with Y was evident (4, table L]
but in the 2 r¢maining plants, ngd linkage of Spm with Y was noted (B, tébleﬂ
or the absence o

(The reason linkage of Spm with ¥ in these 2 plants will

be considerned in the next gection. It need cnly be menticned here that
t unexpected,) Among the 2l plants derived from the colorless,

sh,, y class of kernels, 6 had a single Spm element (C, table Q), and 18

had no Spm,

In the above described test, the state of aq present in the
tester stock (pollen parent) was either that shown in = or - of gigure 1,
A1l of the kernels having Spm exhibited the pattern of variegation

characteristic of the introduced ztate,-- small spots of deep pigmentation

in a colorless background, and these spots were rather uniformly distributed
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over the aleurone laver, Also, all those that had no Spm were uniformly
\

pigmented either dark¥y pigmented if state -~ had been introduced by the

male parent, or lightly pigmented if state ~ had been so introduced,
. ) , _ \
More than one fertile @ r was ~roduced by some of these plants, ‘hig mede:

3

it possible to place on the silks of gome of these additional esrs pollen

i

of plants in which Spm was considered to be absendt but in w ich other
This was done with plants havéng the stateé

states of alm_l were present.,
It was found that if the element
P

{
{
i
i

i

shown in e, w,-, and =~ of figure 1,
m-1

present |

1 /

her states of |

present in the pistillate parent had activated the state of a

1

in the tester stock, it would also activate each of these otl

%

-1
al »

However, thevattern of variegation that appeared in the kernels
that received Spm was not the same as that given by the tester stocks,

Inste:d, it was that which characterized the particular state of alm'l ;

/
i
i
'
f
{

that hed been introduced by the pollen parent. That the activating elementﬁ

)

nevertheless, was the same for each state could be s 'own in some of these

tests by mbans of its linkage with Y and an illustwa tion of this is given !

eeprre—di-eeet testywhich show§ the activation of the

in D of table P
by the same Spm element weX conducted and the

different states of almPl
In this test,

result of one of these testas is illustrated in figure 2,
m-1 ]
shown in - of figure 1 was

a variegated plant having the state of a3’



22

Pt

was crossed by the Spn tester stock having tne state shown in -~ of figure 1,
A

Without exception, all kernels that exhibited the pattern of variegation

=] .
characteristic of the state of aj present in the female parent likewise

exhibited the pattern of variegation characteristic of the state of a m=1
1

that was present in the male parent, The same element activated both

states of alm_l. Another type of test involved use of psiten—frorr.a
~ A wﬂdkwk&
plantsthat Wi hos nozvgous for the standard recessive, al in wh 1ch #¥e Spm
? Le " - ! :’\ .
cesstiiTtiew could . Iollen

oL dutnebsle) gv (RAMCAS o T
from sueh g plant wa s p&aaadraaen the 31lksof(a—n&mber cf non=variegated-

A
o -1 b0 W00 ont ot
plants among wiich achumbas-of different states/wese—zm@mssanteé 1;;014
/ A Muolg w

each sggn:tesyﬂ the pmemensign of va“1egated to non-variegated kernels

was the same, regardless of the state of aq that was present in the
pistillate parent, {b@=g2epartlon—e@figﬁﬂs_tma_claeeoe=a§—ho?ﬁe§s
g A
e Wt wee Mitaad
ingdiealed the number of Spm elements in the pollen parent, Again, if
wud, 7
linkage of Spm to a given marker was expressed among the kernels on one

A

ear, 1t was also expressed in all ears where this could be detected,




S TN

150

towiy T&M x o) -~ bibn
Loy oty Dy W - \W%W%LW
w s 1 M&m%w il .
+ Wospat m At \Aw.ezrw)é
(v ol G Ty Wn pleent %P&OQMF -
d a0 tom . A _ el - wedtilon W eﬁﬁn
o, & (oS P boeisgeid o ponal)
Cmﬁﬂﬂ&n@,quﬂﬂ% rM SQQ@A@‘ \tl \l % \! % };7:,{ vﬁuj
A
a, 8.]al ok o ‘ISWM T IR EY 213 | 1467 | 1336 | $is W45
g el rspa | 2 CFERN | a0 a7 | b | e 435"
Co v v lub ) S b — 1260 = 1zle 2476
O.atdflod, Tulgr | 15 bbs | Msb | 1080 | b32 3539
E o Ny v Spm | v 43 HT 31 25 156
Fool v Y, zym| v 45 | 5% | 11 | uy 369
GO | » IS ¥ o e %o T4 71 el 226
NN B ¥l‘ S\ Spian, 01 2o 122 | 129 |4 12 516
wow o mldogpal € - | g4 | — 852 1714
Tadgads WSply+ | 30 \3bb | b9 |anTa | 1328 ez
J ol w vopwm| V7 - 3465 - 33%| b1
esesym?&u) i -
ow \Spu Y ER b 500 uss Upz 189y
T W S“‘XSW 3 4 459 +% | s47 .
TR [l
m ool R \Spa| 15 1536 | 1bbH | 1544 | 1b5SY bL39%
W oamy, oSyl o) n b3 | 92 2 61 303
0. M 2Sum \ % NS 203 | 2ol 55
ZT v -
Pamn ] avla Iofa| 4+ QY 7 561 |13 | 62y | 543 2466
g = N \\l'\ Wpa| | 51 71 \'T0 Ny HoT
O Sk ) Lo Ly 95 1)) 236
84 bbb G-t Wi Le3% /-3
Mp\miq,,hx_fwl 3 wohoor & 120 | M) % Hb
b 3-6,-) m¥ E18142 "y
h K TN n \t op - LD 140 122 91 Hi3
\15 o -~."h:/»o SPRICIEIGE W - _ -4
+ - O few Ll pant el Lb? Magatg | - wo VEOF .




TM{MI\ szlb qé(; ['(»U -

P@Aéu)'vﬁﬂa}- (Spw WW@W Wy e o7,

U Sy k) - e o T wSf - et 5 uou teatbas
3, WMMWM‘{{%MW—LM
N w Abos ca Nouwp obotd - il . Sawe £60

Rol-
oot W@nﬂ Qm(h wlpm ,x’Z&Lngu()&@MQFu



Q&‘v)awﬂv U}“ \\ AN \\ o
. R x 'y l/
0b656N * Lpd D%&@ | \3 0 Y | N¥Y /
Vet kT2 b0 M0 2t 9l
VoG g Y 100
w G"@si ::ﬂfiﬁﬁ%. w[ = ' \/ B
_aé'soc-f EbTol-v — 194 = o
q\’&j,
AT UTTY B
Y
bbb H-b L bt B3 e 1y - |
{ g ads
LA — T2 A (oqagdy

1



|

R d ' poloshe  pBrSha - Tolole
PR I AT llogéa;
Lsbl -1 21219 \ 7Y
b36)-7 , . 139 |4
2. q 7 ,
M) 0 S whyy ¢ - | '
e SNIR-1 (adaiy) K%61-1 N%% N79 ,i
v (s 5%61-7 7% 955 |
C, o OfefwSy Amjn.__muﬂg._éﬁdl_&w{ih
Jl.__sua&m,u4 _ Oudlg o ispe I
o510 (o luty) 5 %6]-1 530 44s D s}
0| jé[gmw oti * B 0, A4, Jod;, Uo S TH 0 D 195
) KR! - OJ,J_QPL_MM |
CLoy0n) 5%6]-1 %%b 9% l [ 1) 3%b

o (%ﬂo&w\om@) Q,A,)q,ﬁi [2AYW 1159 D 0 nn'z !zw



Q, ‘7A,

571% ‘7:/;
630l-1 X pgs1-% (%w_l | .z
bsst-t)t-/ X %6l-) Y %Qmm 12
(3o - o
6y
719
ToTalS —
£%99R (ofatp—) +06Bbi-1 » e
0 wthgfa b3 %0 i«
@ f Y]
o "
o
133
e
43
T+ WS -
[5)
—Gig:ﬂ&@—A«M . :
|\ B@t = Zb_A
L3y
" BGE g -
11 9 LELT
- ;L"T 198




515 PG‘QQS\?— /b@_qgah_
6361-7 & . LysT-5 (Cadelp-) 129 |4 _
L ugnt O forte : | -
@m - Y- lajé]‘7 Q”‘ﬂl‘!@r&b l 57 “q
1bb 2%y
247 25§
24y 217
1 106 _
ToTals 9% g%

e Cotolnsh  nenShy  Maodly  Uftbeddy,
6399 B - 2 ~ 129 e L 21) “;;
R -y 107 %D 0 176

" B-p 100 33 D 199 @r

o - 120 0y 0 22% fi

W B-2 97 %3 o 169 "
N B 10D i D 2 196 ot
CR-t Y ol D g "
34 244 21 0 w
wB-9 13 b0 0 150 *

0 B0 6o 49 T 2

Tolols %6 19% : (o]



Q\’az. WoSHa

b3 +
b Sh, oo, o, TV
R - 53 6 ¢ ley
B4 Sy |55 309
Db | 43 |52 295"
B 13 lo'7 200
B-1 255 229 Hsy
-5 \2 g 129 253
B-b 21D 202 Hiz
B-0 \2) 13y 255
Tolals 1157 AMAL 1334




¥ Phoup oy /) hows-

Comtd vl g & Opped Wiaa ) 7
“w&xlanﬂ; \Spa O{Wi%{)d{ﬂ‘"ﬁm N |

U SO 5713. WMMQ Wiy ToVele
Y 6% 61-1 2.2.9 17y 403
Wit 69617 139 149 257

B, qwsShy/ QW che (ke 5T9R) WMER 8 Av/q, e S 57 pails b 3611 e 6361-7

N bpleata . 27 pg6l-

75

S & v L w1

9%%

M9

q%%

Totels

V56

\Q'Té

¢, amw %\m(&oiisho)laanL’Mo%wQ £ Q A /q,,ﬁ; Mo Spu o7 Walﬁgb/qléz. Q.‘Jtld'7

e e mcﬁuﬁeeoﬁh f,ﬁf’ ety st UL
oty v/ Oieliv]arde | Sym - Ploy 636 1-1 530 I LH: e MWJDMAQD Q;{Q?;'L \::,‘Z |
5o tloee Yam w » Wolguu L wy | T b TTHes Tss
LYY 2 NN R I . T R T L | 335
—DOMbuciodel v o YWOoumos? | s7 0 P "11‘61'12“ | 33;;3




